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Depreciation Lives for
Telecommunications
Equipment:

Review & Update

Locul exchange camriers (LECs) have over S250 billion mvested in their net-
works. Over 80 of this investment falls into three categories—outside plunt.
circuit. and switching. In each category. tremendous changes are underway which
are obsoleting the bulk or existing investment and making necessury large amounts
of new mvestment. Since telephone equipment has traditionally been assigned long
depreciation lives. these chunges meun that existing equipment will be obsolete. und
likely out of service. well betore existing investment has been recovered under cur-
rent regulatory depreciution schedules. This report reviews our assessment of the
situation and our recommendations for LEC depreciation hives.
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Drivers for Change

There are three highly-interrelated drivers that are driving change in telecommu-
nications: technology, competition. and new services. None of these are fully
accounted for in the traditional approach to regulatory depreciation. This section
brieflv reviews these drivers and how they reinforce each other.

Technology Advance

Advances in technology are providing more efficient and functional wayvs of
offering traditional telephone services. as well as wireless services. video services.
and new digital communications. Four of the kev technologies are:

* Fiber in the loop (FITL), including any architecture that extends fiber into
the distribution portion of the local loop. The last link to the customer may
be on fiber. copper pairs, coaxial cable. or wireless.

There are a number of architectures that are under consideration or are being planned. A
true consensus has yer 10 emerge on a single FITL architecture. Continuing changes m
technoiogy costs, regulation, business relationships, market forecasts. and market share
assumptions probably mean that consensus will be amived at only gradually. Whatever
archutecture is chosen, it will displace the vast majonty of copper investment.

» Advanced digital switching. especially Asynchronous Transfer Mode
(ATM) switching.

The next major switching generation, ATM switching, is optimized to handle all types of
wraffic on the nenwork efficiently and quickly. Today's digital switches use time division
multiplexing 10 connect continuous streams of digitized voice or data at 64 Kb/s for the
duration of a call. This is efficient for low-speed. circuit-switched applications such as voice. but
it 1s unusable or inefficient for high-speed digital applications, especially those with bursty (non-
conunuous) traffic characteristics. ATM switches, on the other hand, use small fixed-length
packets called cells. Unlike conventional packet switches, ATM switches do not introduce
significant signal delay (because of the simple cell structure) which means they @n be used for
continuous. real-time applications such as voice and videoconferencing. However, since ATM
uses packet switching, it is also good for bursty data traffic. The ability to handle all types of
traffic, at all variable data rates. not only makes ATM an efficient switch, but it is also ideal for - :
nerwarked mulumedia applications that use all types of communications.
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* Synchronous Optical Network (SONET ) transmission on fiber optic sy -
tems. including Next Generation Digital Loop Currier (NGDLC systems
incorporating SONET.

SONET is a new formazt for orgamzing informatcn on a fiber cpucs cnannet that regog=izas
the nead for integraung differant types of waffic on the same par of fibers Among its marm.
advantages are standardizeg oprcal anao electrical intarfaces 1o which ail sucpners must adners
Another is that an individual information stream on a fiper channe! can oe efficientty ssparatzc
from the rest of the informaton on the cnannei. With -a SONET add-drop mutticlexsr. a
signal can be extracted with a single piece of equipment without breaking down the whois
signal. SONET add-drop muitipiexers are aiready cost-competitive with asvnchronous 2auinmer:
and soon will be commodity items that are integrated into almost every oiece OF Circurt «anc
switching) equipment. This will render redundant much existing circuil eguipmenst. AGUCInZ
digital crossconnects and muitiplexers.

Further, with SONET. carriers can mix-and-match circuit equipment sC that tnay can uss
different manufacturers’ equipment. This, of course. provides operatonal and equinment
savings, as well as more competition between manufacturers. Later on, SONET interfaces will pe
built directly into swatches, leading to even more equipment savings. NGDLC systems will
directly link to switches through SONET interfaces. From the same unit, some channels may be
connected to other switches or facilities using a built-in SONET add-drop multiptexer Circuits
could be transferred from one switch to another instantaneously. This will give carners much
mare flexibility when it comes t0 dealing with switch manufacturers. SONET wall benefis
customers as well as carriers. In addition 10 the inherent economic benefits of a more efficient
network, SONET will provide greater reliability through its support of fiber nng architectures and
enhanced response time and flexibility in provisioning new channeis.

* High-capacity digital wireless technologies such us Time Division Mulupic
Access (TDMA) and Code Division Multiple Access (CDMAN

These digital wireless technologies can muluply the capacity of existing celiuiar systems bv a
factor of from three to 10 and will also be utilized with the new personal commun:caucns
systems. One implication of the increased capacity 15 the ability 10 compete more directly with
wireline service.

In a nutshell. the benefits of these technologies are reduced operating costs.
reduced capital costs. better service. or. in some cases. new services.  The tech-
nologies are all well-understood and do not require scienufic. engineering. or eco-
nomic breakthroughs to be deploved. There 15 widespread agreement about their
nenefits and cost targets. While there 15 some controversy about the details and
nming. there i consensus that the tuture of telecommumeanons is butlt around
these technotogies.
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Competition

Competition has entered the local exchange business. and it will increase
dramatically over the next few vears. So far. most local exchange competition has
centered on the large business customer. Competitive access providers (CAPs) are
already serving large businesses in concentrated areas. and cable television compa-
nies are providing alternative access for high-bandwidth services. CAPs are
installing the latest. most efficient technology—fiber optics. SONET. and. in cities/
locations where they provide switched services. modem digital switching.

The next competitive arena will be the mass market for voice services. Such
competition has already begun in public phones and. in some states. in intra-LATA
long distance. Two additional, more pervasive sources of competition are cable
television networks and wireless networks, specifically cellular and personal com-
munications services (PCS). Technologies are emerging that will allow voice to be
added to state-of-the-art cable systems at a cost that is less than on copper pairs. On
a per-subscriber basis, cellular technologies are already less costly than wireline.
With the new high-capacity digital wireless technologies. such as TDMA and espe-
cially CDMA. wireless technologies will also be less costly on a per-minute of use
basis. Exhibit 1 illustrates some of these cost comparisons.

Because they are more efficient. the new technologies offer very substantial cost
advantages to new entrants in local telecommunications. These new entrants can
invest in the most efficient modem equipment without regard to an embedded
infrastructure such as the LECs have. This. in turn. will pressure LECs to adopt
new technology quickly in order to stay competitive. Thus. competition remnforces
the technology drivers and magnifies the obsolescence of the old technology.
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New Services

The third driver is the impending emergence of digital communications services
for the mass market. These services will support both television and computer-
based applications requiring digitized transmission of text. audio. and still and
moving images. The applications for these services include advanced fax. com-
puter-based imaging, LAN interconnection. videoconferencing. interactive multi-
media. video on demand. and interactive television. Today. the market for digital
communications services for these applications 1s relatively small: however. the
potential for growth is tremendous. especially when these services are extended
bevond large business customers.

Ultimately. the telephone network will provide full broadband. multimedia
communications services based on three of the technologies we have mentioned:
fiber optics. SONET transmission. and ATM switching. Along the way. inter-
mediate steps will include narrowband Integrated Services Digital Network (ISDN)
and video on demand services. Since some of the new services blur the traditional
distinctions between telephony, television. publishing. information svstems. and
computing. they foster a new type of competition focused on the convergence of
these industries. In this environment. competitive advantages belong to those
companies that can deliver a package of diverse services for the least cost. As 1t
happens. the new technologies allow delivery of multiple services at overall costs
that are comparable or less than the traditional deliverv mechanisms for the
individual services.

Impacts on Depreciation Lives

Alone. any one of these drivers would cause significant change in the deploy-
ment of technology. Together. thev are torcing unprecedented change that 15 ren-
dering most of today's telephone network obsolete. Although satistactory for voice
services. today s network 1s expensive to operate and offers limited functionality in
terms of mobility and digital services. It wus optimized and constructed for the age
ot electromechanical and analog switching and copper cable. an age which for a
decade has been giving way to digiai switching and fiber optics. Much of the
equipment placed 1n the last decade 15 becoming obsolete in the face of new tech-
nologies such as SONET and ATM. Thus. if LECs are to remain viable. they must
rebuild their networks—sooner rather than later. This necessitates continued.
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massive investment in new technology that requures much sporter jives 10r exisnng
investment than are currently prescribed by regulators. '

Weaknesses in Regulatory
Depreciation Methods

The traditional method for estimating depreciation fives 18 to 2xunund mortaiiny -
data for older vintages and assume that all vintages will experience the same uge-
dependent characteristics. For example. it 60% of the units of a particuiar technoi-
ogy installed in 1983 were still in service in 1989 (six vears later. we would
assume that 60% of the units installed 1n 1990 would stll be in service in 996
(again. six vears later). (This greatly over-simplifies. but captures the baste idez.
The assumption of age-dependent retirements refiects a situation where wear-ou: or
breakdown drives the replacement process. Under this model. new technology tor
perhaps a new unit ot old technology) replaces old technology only when the oid
technology wears out or breaks. This is an accurate model for some situations: tor
example. it reflects the wav most companies replace motor vehicles.

Todav. however. technological obsolescence 1s u major cause of retirements o
telecommunications for switching and circuit equipment. and is also expected to be
for outside plant in the neur future. (Other drivers—competiton and new
services—are largely reflected in this driver.)  Monality analvais alone i not
appropriate in such a situation. This 1 made ciear in Exhibit 2. wiuch plots the
vintage survivor curves for crossbar switching.  These are similar to normul
SUrVIVOr curves except that a separate mnvestment life cycle is shown for euach
vintage ot equipment. Note the “uvalanche eftect” between 1975 and 1980, During
this period. all vintages experienced sudden wund simultaneous retirements. as
electronic switching was rapidly udopted.

One can also see trom the avalunche curves that. when technological obsoles-
cence is the major driver for retirements, there 1~ no such thing as a constant service
iife. Equipment purchased jate in a technology generation will have a much shoner
life thun a piece of equipment purchased eurlier. Further. the expecied service hite
of equipment purchased late 1n the cvele 1s roughly the same as the average remuin-
ing life of exisung equipment. These observations are contrary o mortality-based
depreciation. but they retlect reulity.
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Most important. until the avalanche begins. life estimates for the old technology
using mortalitv-based analysis will be based on an extension of the pre-avalanche
trend and. thus. will be way too long. Not only will the life esumates be wrong.
but thev will be wrong right up to the moment the avalanche begins. To use a
different metaphor. this is like paddling a rowboat without ever looking forward.
You are over the falls betore vou know anvthing is wrong!

Exhibit 2
Avalanche Curves
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The original replacement technology for crossbar switching was analog stored
program control (ASPC) switching. first introduced n the mid-to-late 1960s. Note
that the avalanche of crossbar retirements begins in about 1975. more than five
vears after the itroduction of the new technology.



2 -

" Review & Lpaa:

h

Also note that very lurge amounts of mmvestment were mude i the old weehno-
ogy very late In its lite cvele. even after the new oinomey was avatanic
Although this behavier may seem odd. 1t is tvpical of many wehnojogies ane oo
often be perfectly rationul. (For example. millions of 486 personu: computers hane
been ~old since the introduction of the replacement technelogy. the Penuun, - I oon
result from several factors:

h The need to muintain exisung equipment and service levels.

(2 Restrictions on the availability of the new teéhnoiog_\'.

(3) High relative costs for the new technology early in its lite cvele.
(4 An inherent bias toward the existing technology.

However. we must keep in mind that the last purchases of old technoiogy will have
especially short lives.

An important implication of this phenomenon is that recent ivestment patterns
in the old technology tell us little about the likely adoption of new technology. even
in the near future. Purchase volumes of the new technoiogy muy be snuiller than
those of the old technology almost to the time the avalanche begins.

Using Technology Forecasting to
Estimate Depreciation Lives

Fortunately. there are reliable methods that allow us to forecast 1utire technol-
ogy changes and. thus. depreciation fives. Developed und tested over many veurs
n telecommunications und other industries. these methods have proven to be ver
reitable tor forecusting. Their basis hies 1 an understanding ot the process ot
technology change und the use of available data to produce guantitative torecasts

One 1echnology forecasting method. substitution analysis. has been proven
effective 1n projecting the udoption of new technologies and the obsolescence of old
technologies.  Substitution refers o the displacement of an ostablished technelog
by a newer technology when the new technology provides substuntially improved
capabtlities. performance. or economies. With substitition. technologcical supenor-
1y ol the new technology—not wear-out—is the driv oi lor repiacement.

Vo]
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With substitution analysis, we examine patterns of technology substitution.
The pattern is remarkably consistent from one substitution to another, and is char-
acterized by an S-shaped curve when the market share of the new technology is
plotted over time. Exhibit 3 shows the S-shaped curve for the Fisher-Pry model.
Of the several substitution models available, in general, we have found the Fisher-
Pry model—and its extensions, notably, multiple substitution models based on the
same principles—to be the most useful for forecasting. The adoption of a new
technology starts slowly because, when it is first introduced, a new technology is
usually expensive, unfamiliar, and imperfect. The old technology, on the other
hand, has economies of scale and is well-known and mature. As the new technol-
ogy improves, it finds more and more applications, it achieves economies of scale
and other economic efficiencies, and it becomes generally recognized as superior.
The old technology, because of its inherent limitations and falling market share.
cannot keep up. The result is a period of rapid adoption of the new technology,
beginning at the 10% to 20% penetration level. This corresponds with a period of
rapid abandonment of the old technology, i.e., the avalanche. Toward the end of
the substitution, adoption of the new technology slows down again as the last
strongholds of the old technology are penetrated.

Since the pattern of how a new technology replaces an old one is consistent, we
can apply the pattern to a technology substitution in progress, or one just begin-
ning, to forecast the remainder of the substitution and estimate the end date for the
old technology. We can apply substitution analysis even in cases where the sub-
stitution has yet to begin by using appropriate analogies, precursor trends, or
evaluation of the driving forces. More information on the Fisher-Pry model and its
application is provided in Attachment 1.

10
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Exhibit 3
The Fisher-Pry Model|
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Experience with the Fisher-Pry Model

Although no forecusting method 1s perfect. our experience with the model has
been excellent. Occasionally. we compare prior forecasts with subsequent data and
new forecasts. These comparisons demenstrate the accuracy of the model within
reasonable tolerances.

An example i~ 2 torecust that Technology Futures. ine. (TFD prepared i fuse
for the substitution of digital switching for anwog swuching by maor LEC
Exhibit 4 shows the 1989 torecast. and the soiid markers show the data avalable
for the torecast.  The actual dawa for subsequent vears. shown by ine hollow
markers. traces the 1989 torecast within about 1047, and almost exacty mutches the
projected end date.  Our euriter torecasts. datung hack o the mird-1980s, were fess
perfect regarding the vear-by-veur pattern. but accuratety forecast the end-date 1or
analog switching 10 be between 1997 und 2001, Thiv was at o tme when inany
experts thought there would be no retirements at all ot analog ESS switches betore
2000"

H
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Exhibit 4
Comparison to 1989 Digital Switching Forecast
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Comparison of Mortality Analysis
and Substitution Analysis

Substitution analysis provides better indicators of lives than mortalitv-based
methods because substitution analvsis recognizes that technological obsolescence is
the major driver for retirements. As previously noted. analysis of recent retirement
and investment data could not have predicted the rapid retirements of
electromechanical switches between 1975 and 1980 (the avalanche shown
Exhibit 2). Using historical data. a substitution analysis performed as early as 1970
would have predicted the avalanche. This is because substitution analysis
recognizes the earlv adopuions of the new technology. in this case analog SPC
switches. vears before significant quantities of the old technology are retired—and
even when large mvestments in the old technology are still being placed. The earfy
adoptions. corresponding to the first. relatively flat part of the S-shaped substitution
curve, are often tor growth upplications that do not cause significant retirements.

12



Review & updats

However. thev are a precursor for later replucemen: programs that do result m
retirements. This 1s one reason why subsutution anuafvsis can predict the edge of
the waterfall. The steep part of the S-shaped curve. where new technoiogy i~
placed verv rapidly. corresponds to the avalanche of retirements.

The example shown in Exhibit 4 again illustrates the power of technoiogy 1ore-
casting. Substitution analyses done 1n the mid-te-late 1980s predicted the avalanone
that is burying the analog ESS accounts of the major LECs today.

Another important point is that substitution analysis measures technology in
terms of phvsical units in use. For example. we forecast access lines in ~ervice or
equivalent circuits in service. Beside measuring in physical units rather than doi-
lars. substitution analvsis reflects whether a unit of investment ix usetul us opposed
to whether it 1s retired. On fundamental principles. usetulness is the beuer depre-
ciation measure because it reflects the productive value of an asset. Also. because
of the potential lag between the end of an asset’s useful life and s retirement.
retirements are tvpically a late indicator of major changes in an account. Following
the avalanche curves. obsolescence-based retirements show up onlyv after the storv
1s almost over. Measuring units in use. on the other hand. provides a leading indi-
cator.

Why Using Technology Fore-
casting for Life Estimation Is So
Important Now

Throughout the history of telephonv. technoiogy advance huas caused the
replacement of old technology. as evidenced by previous avalanche curves and S-
shaped substitution curves. However. there are several things that make things dit-
ferent now. First. we are in o pertod where rapid advances m mucroeiectromes ana
fiber optics technology wre reshaping telecommunications economucs at an unprece-
dented pace. Second. these changes are impacting all parts of the network simulta-
neously. leading rapidiv to a broadband network architecture that 18 fundamentudly
different than today’s.  Third. there are two other drivers. competivon and new
services. that reinforce the already swrong technoiogy driver.  The result will be
simultaneous avalanche curves occurring i all major investment categories during
the late 1990 and earty 2000s.
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Historically. avalanche curves have been recognized by the regulatory deprecia-
tion process after the fact since traditional depreciation analvsis provides no way to
predict them. Since avalanches usually reflect retirements that occur before the end
of the equipment’s prescribed depreciation life. they create depreciation reserve
deficiencies. In the past. these reserve deficiencies have been recovered by amorti-
zations over future vears. This approach worked satisfactorily in the davs when
avalanches were the exception rather than the rule. and when the monopoly struc-
ture of the industry allowed reserve deficiencies to be recovered from future rate-
payvers. However. in the new environment. this approach is-less likelv 10 work.
Capital must be recovered while the investment is still useful—before it is retired.
The competitive environment will not allow LECs to recover investment in both old
and new technologies simultaneously. This means that lives must be accurately
estimated as early as possible—before the avalanche begins. and even before
explicit replacement programs are in place. This is why using technology torecast-
ing to predict depreciation lives is so important.

TFl Telecommunications
Technology Forecasting Studies

Technology Futures has been appl_ving technology forecasting to the
telecommunications industry since 1984. Much of our telecommunications work
has been supported by the Telecommunications Technology Forecasting Group
(TTFG). an industry association of major LECs in the United States and Canada
which was formed in 1985. The mission of the TTFG is to promote the under-
standing and use of technology forecasting techniques. economic evaluators. and
engineering models to predict and support the continued evolution of the
telecommunications network. Under TTFG sponsorship. TFl has produced
numerous major studies on telecommunications technology adoption in a span of 10
vears. long enough to establish a track record. The list s shown in Attachment 2.

The TF1 studies fall into three general categories. First 1s a series of industry
studies on the adoption of new technology in the telephone network. We started
doing these studies in 1985 and have issued updates over the vears. The most
recent report. Transforming the Local Exchunge Nenvork: Analvses and Forecasts -
of Technology Change. was 1ssued in 1994 and covers switching equipment. out-
side plant. and circunt equipment. These studies provide quantitative forecasts of
the adoption of new technology—and the replacement of oid technology—in future

veurs.

14
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Second is a set of seven studies completed berween 1991 und [993 on the need
for and adoption of new digital telecommunicattons services. In these studies, we
assessed the drivers and benefits. as well as the constraints. of new services o pro-
vide applications such as advanced fax. electronic imaging. interactive multimedia.
local area network interconnection. videoconterencing. and interactive television.
We concluded that there is a potential mass market for these applications. and tha
the widespread availability of digital services is required to serve them. We then
developed quantitative forecasts of demand over time for digital services at various
data rates. The results of the studies were summarized in our 1993 report New
Telecommunications Services and the Public Telephone Nenvork.

Third are several studies on the effect of competition on the existing investment
in the local exchange network. These studies quantify the revenue losses in voice
services that are likely due to competitors using technologies that make obsolescent
today’'s copper network. The most recent is our 1995 report. Wireless and Cable
Voice Services: Forecasts and Competitive Impacts.

A unifving conclusion from these studies is that regulatory depreciation lives are
much 100 long. especially given the climate of rapid change we uare entering.

Life Estimates for Telecom
Equipment

The remainder of this report reviews the TF1 industry forecasts for the major
categories of LEC network equipment: outside plant. circuit. and switching. Since.
the sume basic drivers are present ucross the nation (technology advance. competi-
tion. and the need for new services). the industry perspective is generally applicable
1o individual companies. The forecasts are detailed m Transtorming the Locul
Exchanze Nenvork. The estimated average remaining lives (ARLs) reported herein
have been updated to Junuary 1. 1995 from the January [. 1994 vajues thut were
reported in the referenced document. Tabular data tor the forecasts are provided in
Attachment 3.

Metallic Cable

The outside piant 1< traditionally split nto underground. buried. and aerl
accounts. From the viewpoint of cable placement und wear-out. this 1s a logical
categonization: bur when technological obsolescence 1s the driver tfor change. the
categorization 1s less useful. In applving technology torecasting. we have. instead.

15
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distinguished between interoffice. feeder. and distribution plant. which are spread
among the three traditional accounts.! We chose this approach because technology
is being adopted differently and at different times in the interoffice. feeder. and dis-
tribution parts of the exchange network.” Also. some of the driving forces of
change are different.

QOutside Plant—Interoffice Cable

At vear-end 1993, the interoffice plant was 96% digital and 74% fiber. as
measured by circuits in use.’.* Thus. there is relatively little metallic investment
still being used in the interoffice environment. Almost all new investment 1s fiber
and the metallic carrier share has declined steadily. Exhibit 5 shows the technology
shares over ime. Our forecasts indicate that. for the industry. the interoffice net-
work will be almost 100% fiber by 2000.

Our forecast for the adoption of fiber. and the displacement of non-fiber fucili-
ties. is based on a muitiple substitution analysis of historical data through vear-end
1993 and planning data through vear-end 1995.5 For interoffice copper. the unaly-
sis indicates an ARL of 2.9 vears as of 1/1/95.6

U interorfice tacilities connect telephone company central offices (where the switches are located)
with cach other. Feeder facilities arc cables that extend from a central office toward the
ncighborhoods and business arcas served by the centra] office. A tvpical feeder cable usually serves
a lurge number of customers. The distriburion network extends from the termnation of the feeder
facilities to residences and husinesses.

= For cxamplc. most interoffice facilities today are fiber optic systems. while most feeder facilities
arc provided on copper cables. However. the use of fiber optics in the feeder network is growing
rapidiv. In the distribution network. copper cable is by far the most common technology.
although fiber optic svstems are beginning 10 be adopted.

> To be more precise. our units are “equivalent voice-frequency circuits in use.” although we
usually just refer to them as “circuits.” For example. a voice frequency coOpper circuit on two or
four wires counts as one circuit. Each voiee frequency equivalent circuit in use on a camier sysiem
1s counted as one circuit. Both switched and dedicated circunts are included. For data services. cach
64 Kb/s is considered to be equivatent to one circuit. Thus. a leased DS1 line (1.534 Mbro s
counted as 24 cireunts.

* Source: Ycar-end 1993 ARMIS data reporied to the FCC.

* The historical data for 1980-1989 1s from TFI {ifes. the historical data for 1990-1993 15 from
ARMIS reports filed with the FCC. and the planning data for [994-1995 15 the weighted average
trom the seven LECs (representing over 90 million working access lines in 1993} that provided us
ptanning data. (We used the planning data in our forecast because we have generally tound that the
first several vears of planning data s reliable and improves mid- to long-range Yorccasts.)

6 See Table 2.1 in Auachment 3 tor ARL computations.
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Qutside Plant—Feeder Cable

In the feeder plant. Digital Loop Carrier (DLC) svstems have been reducing the
need for copper pairs for many vears. Both metallic-based and tiber-based DLC
svstems have been adopted. although fiber DLC svstems are beginning 1o donunace
in the industry. The repiacement of both voice frequency copper cable and metaliic-
based DLC systems by tiber optic svstems characterize future technology change in
the feeder plant. '

Exhibit 5

Interoffice Technology Shares
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Exhibit 6 shows the percentage of access lines served by each of the myjor
technology tvpes for the industry. The forecast 1s hased on a multiple substitution
analvsis of historicai and planning data. shown by the markers.” Between 19953

7 The histonical data tor 1986-1984 i~ from TFI files. the historical data for 1990-1993 i from
ARMIS reports riied with the FCC. and tiw planning data for 1994-1995 i< the weighted wverage
trom the cight LECs (represenung over 100 million working access Iimes tn 1993 that provided us
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and 2000. conventional fiber-based DLC will continue to grow. reaching a peak at
about 23% of access lines by 2000. This period will also see the rapid growth of
fiber in the loop (FITL) systems. which. under the industry middle scenario
(discussed in the next section). are forecast to serve 15% of access lines by 2000.
After 2000. FITL systems are forecast to rapidly displace all other types of feeder
technologies. serving 50% of access lines by 2004. 905 by 2010. and essentally
all access lines by 2015. Based on these results. an industry ARL of 7.0 to 7.8
vears (as of 1/1/95) is expected for feeder metallic cable. depending on which FITL
scenario is chosen.$

Exhibit 6

Feeder Technologies—Percentage of Access Lines
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planming data. While DLC will continue 1o substituie for feeder copper. FITL sysiems will also
mmpact feeder copper tacilities in the same manner it will distribution facifities. With very few
exceptions. FITL will require fiber feeder. Thus, we mcorporated the FITL adoption into the teeder
muluipie subsutution analysis.

S Sce Table 3.2 in Auachment 3 for ARL computations.
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Outside Plant—Distribution Cable

We use the term FITL to refer to any architecture that extends fiber to an area o
no more than several hundred customers: the last link to the customer may be or
copper pairs. coaxial cable. fiber. or wireless. There are a number of architectures
that are under consideration or are being planned. A true consensus has ot
emerge on a single FITL architecture. Continuing changes in technology. costs..
regulation. business relationships. market forecasts. and market share assumptions
probably mean consensus will be arrived at only gradually. Whatever architecture
is chosen. 1t will displace the vast majority of copper investment.

Our analysis of distribution facilities includes three scenarios for the adoption of
FITL. Each of these scenarios is based on composite forecasts of the demand tor
wideband and broadband digital services. The “early” scenario assumes that fiber
is deployed rapidly to meet the emerging demand for new wideband services at 1.3
Mb/s or similar data rates. The “late™ scenario assumes that wideband services are
deployed on copper pairs using interim copper technologies such as Asvmmetrical
Digital Subscriber Line (ADSL) and High-speed Digital Subscriber Line (HDSL.
and that fiber is not rapidly adopted until the demand for broadband services (43
Mb/s and above) emerges. The “middle™ scenario is an average of the two others.

Exhibit 7 shows forecasts for the demand for wideband and broadbund services
from TFI's recent New Services Studv.® Also shown is the required fiber
deplovment under the eurly and late scenarios. respectively. The relutionship
between deplovment (which determines service availability) and demand ix derived
from a prior TFI analysis of the historical availability and adoption of four TV-
based services.!" Exhibit 8§ graphically illustrates the averaging process used t
obtain the middle scenario from the other two.

9 L. K. Vanston. W. J. Kennedy. and S. El-Badry-Nance. A Facsimile of the Future: Forecasts o
Markets und Technoioeies (19911 L. K. Vanston. S. El-Badryv-Nance. W.J. Kenncdy, and N. E.
Lux. Compurer-Based Imagme and Tetecommunications: Forecasts of Markers and Technoiogies
(1992); J. A, Marshand L. K. Vanston. Interactive Multimeda and Telecomnuintearions:
Forecasts of Markers and Technofogres (1992). B. R. Kravuz and L. K. Vanston. Local Area
Nenvork Interconnection and Telecompuoncations (1992y; L. K. Vanston. J. A, Marsh. and S. M.
Hinton. Video Comnnoncations (1992); L. K. Vanston. J. A. Marsh, and S. M. Hinton,
Telecomnuuncarions for Television/Advanced Television (19921, und L. K. Vanston, New
Telecommumcanons Serviees and the Public Telephone Nenvork (19931 (Ausun. TX:
Technology Futures. Inc.).

Y0 Vanston, Marsi. and Hinton. Telecommmunications jor Television/Advanced Television. pp.
[23-144: and Vanston. New Telecommunicarions Services and the Public Telephone Nenvork.
pp. 43-52,



